Heating p-toluidine hydrochloride in tert-butanol gave a crystalline precipitate of N-tert-butyl-p-toluidine hydrochloride. This compound, now readily available by this simple procedure, was used to make mauveine, which was found by TLC analysis to be identical to authentic mauveine.
Previously we reported the synthesis of a mixture of mauveine A and mauveine B by the oxidation of a mixture of N-tertbutyl-p-toluidine, o-toluidine and aniline (1.0 : 1.5 : 1.8) with K 2 Cr 2 O 7 in dilute sulfuric acid 1 and related studies [2] [3] [4] [5] (Scheme 1). The reaction favours the formation of mauveine A and mauveine B over other mauveine chromophores and the ratio of aniline to o-toluidine controls the ratio of mauveine A to mauveine B. 1 The material is similar to authentic MOSI (Museum of Science and Industry) mauveine by TLC analysis, which is observed as two spots when run on a TLC plate. However, our ratio of mauveine A to mauveine B was low compared to that of authentic mauveine. Increasing the ratio of aniline to o-toluidine increased the ratio of mauveine A to mauveine B, but also produced satellite peaks before and after mauveine B. The synthesis was not fully optimised because we had difficulty preparing the novel starting material, N-tertbutyl-p-toluidine, sufficiently pure by the literature procedure 6 or related methods. [7] [8] [9] [10] It needs to be free of any remaining p-toluidine. Now we report a better method of isolation and further studies with it on mauveine synthesis.
Discussion
Initially we prepared N-tert-butyl-p-toluidine in a manner similar to the literature procedure which involved heating p-toluidine hydrochloride with tert-butanol ( t BuOH) at 150 °C in a digestion bomb for 24 h. 6 The literature work-up involved the addition of water, neutralisation with base, extraction into Et 2 O, treatment with Ac 2 O to acylate remaining p-toluidine, steam distillation then distillation under reduced pressure. We also observed that a small amount of p-toluidine remains in the product which we removed by column chromatography with some difficulty. For the synthesis of mauveine, which resembles authentic mauveine (rich in homologues A and B but deficient in other homologues such as B 2 and C) reported by us, this remaining p-toluidine must be removed from the starting material as it is consumed to give a shadow pattern of the wrong mauveine chromophores. Fortunately we discovered that by scaling up the synthesis of N-tert-butyl-p-toluidine the product N-tert-butyl-p-toluidine hydrochloride crystallises from the reaction (Scheme 2). A small quantity of water was added and the product filtered off to give an off-white grey precipitate which was acceptably pure and free from remaining p-toluidine when analysed by TLC and NMR spectroscopy (see Electronic Supplementary Information). The hydrochloride salt has some water solubility but is less water soluble than p-toluidine hydrochloride, which allows the separation without having to treat with acetic anhydride. The work-up procedure is simple. Although the yield is only 60% (8.4 g of product from 10 g of starting material) the mass balance is good and the starting materials are cheap and readily available. More product can be recovered by evaporation of the filtrate and recrystallisation. Pure transparent crystals can be grown by crystallisation from hot water and the X-ray single crystal structure was determined ( Fig. 1 ). This reaction is interesting to compare with heating aniline hydrochloride with methanol. [11] [12] [13] [14] At lower temperatures of 230-250 °C for a few hours N-alkylation occurs to give N-methylaniline hydrochloride but then at a higher temperature of 335 °C for 24 h the product rearranges to p-toluidine with a m.p. of 45 °C (N-methylaniline and o-toluidine are liquids). No N-alkylated product was recovered so at higher temperatures N-alkylation is presumably reversible or the N-alkyl product undergoes an intramolecular rearrangement. This reaction, known as the Hofmann-Martius rearrangement, was first observed in 1871. 15 This type of reaction has also been used to make 2,6-diisopropyl-p-toluidine by reacting p-toluidine with propene or propanol and a Lewis acid. 16 The ready availability of N-tert-butyl-p-toluidine hydrochloride has allowed us to perform more experiments to study the synthesis of mauveine. By carrying out many experiments, each using 373 mg of N-tert-butyl-p-toluidine hydrochloride, we found that the oxidation of N-tert-butyl-ptoluidine hydrochloride : o-toluidine : aniline (1.0 : 1.5 : 3.0) with K 2 Cr 2 O 7 in dilute sulfuric acid at 40-45 °C for 12 h gave a good ratio of mauveine A to mauveine B which approximated to authentic mauveine (Scheme 3).
Scheme 1 A two-step synthesis of mauveine rich in mauveine A and mauveine B.
The compound mixtures are compared on a TLC plate ( Fig. 2 ) and look very similar. Perkin did not use chromatography to purify mauveine, but extraction and precipitation methods, so product profiles need not be identical, but these TLC plates do look the same. 19th Century aniline may also have contained small amounts of other aromatic amines. Interestingly, by drying the plate and re-eluting, a mauveine chromophore fingerprint spot ahead of mauveine B is apparent in authentic mauveine and the mauveine reported here. Fig. 3 shows a comparison of authentic mauveine with mauveine made by Perkin's stated method (the oxidation of a mixture of p-toluidine/o-toluidine/aniline [1.0 : 1.5 : 1.5] with K 2 Cr 2 O 7 ). This always shows a characteristic set of four spots and we were not able to precipitate selectively or wash out two of them. 1 The lower temperature helps to increase the selectivity for just mauveine A and mauveine B. There are some possible reasons why this may be. At a lower temperature N-tertbutyl-p-toluidine hydrochloride may not be deprotected or fragment leading to p-toluidine, which could lead to mauveines B 2 and C, 1 and the excess of aniline and o-toluidine may not spontaneously form further chromophores. We also performed the oxidation of a mixture of p-toluidine, o-toluidine and aniline (1.0 : 1.5 : 3.0) at the same temperature of 40-45 °C. TLC analysis after purification of the product mixture showed mainly mauveine A and B 2 , then a small amount of mauveine B and C. This was a qualitative analysis only by comparison of R f values with published standards. 17
Conclusion
The synthesis and isolation of pure N-tert-butyl-p-toluidine hydrochloride, free of p-toluidine hydrochloride, is efficient and can be scaled up. It has been used to synthesise mauveine which is similar in composition to authentic MOSI mauveine when analysed by TLC.
Experimental
IR spectra were recorded on a PerkinElmer Spectrum Two diamond anvil IR spectrometer. UV spectra were recorded using a PerkinElmer Lambda 25 UV-Vis spectrometer with EtOH as the solvent. 1 H and 13 C NMR spectra were recorded at 400 MHz and 100.5 MHz respectively using a Varian 400 spectrometer. Chemical shift values, δ, are given in ppm relative to the residual solvent, and coupling constants, J are given in Hz. Low resolution and high resolution mass spectra were obtained at the University of Wales, Swansea using electron impact ionisation and chemical ionisation. Melting points were determined on a Kofler hot-stage microscope.
The X-ray intensity data for 5 were collected on a Rigaku CCD diffractometer (graphite monochromated MoKα radiation, λ = 0.71073 Å, T = 100 K): the unit-cell dimensions were obtained by least-squares refinement against the positions of 4740 reflections (3.3° < θ 27.5°). The structure was solved by direct methods with Fig. 1 Drawing of the structure of compound 5 determined by X-ray single crystal structure determination. JOURNAL OF CHEMICAL RESEARCH 2014 653 SHELXS-97 18 and the atomic model was refined against |F| 2 by full matrix least-squares with SHELXL-97. 18 All the C-bound H atoms were geometrically placed (C-H = 0.95-0.98 Å) and refined as riding atoms; the N-bound H atoms were located in a difference map and their positions were freely refined. The methyl groups were allowed to rotate, but not to tip, to fit best the electron density. N-tert-Butyl-p-toluidine hydrochloride (5): p-Toluidine hydrochloride (10 g, 70 mmol) was placed in a 45 mL PTFE Parr digestion bomb and treated with pre-melted t BuOH. The liquid was about 0.5 cm above the level of the salt after stirring to remove air bubbles. The mixture was sealed and heated at 150 °C for 24 h. After cooling the bomb was full of crystals. H 2 O (10 mL) was added the reaction mixture was filtered. A small amount of H 2 O (5 mL) was slurried with the crystalline mass and the slurry was then filtered to give off-white crystals of the title compound Mauveine A and mauveine B: N-tert-Butyl-p-toluidine hydrochloride (373 mg, 1.87 mmol, 1.0 equiv.), o-toluidine (300 mg, 2.8 mmol, 1.5 equiv.) and aniline (520 mg, 5.6 mmol, 3.0 equiv.) were dissolved in distilled water (100 mL) acidified with cH 2 SO 4 (9 drops, 0.45 mL) then treated with K 2 Cr 2 O 7 (1.3 g, 4.40 mmol) and stirred at 40-45 °C for 12 h. The purple reaction mixture was filtered through a fine pore sinter and washed with cold water (200 mL). The precipitate was extracted with MeOH (40 mL × 8) in the sinter each time agitating the precipitate in MeOH before filtration through the sinter under reduced pressure. The combined extracts were heated to dryness in a beaker in a fume hood. The crude product was purified by chromatography on silica gel. MeOH firstly eluted impurities then cNH 3 /MeOH (20 : 80) eluted a mixture of purple chromophores (58 mg, 6%) that were not separated. After evaporating to dryness in a beaker the product was then treated with MeOH (10 mL) then cHCl (10 mL) and evaporated to dryness on a hotplate a fume hood. The product was purified by chromatography on silica gel. MeOH firstly eluted a small amount of impurity then cNH 3 /MeOH (20 : 80) eluted predominantly a mixture of mauveine A and mauveine B (44 mg, 5%) (85% from the above tert-butylated mixture). These were analysed qualitatively by TLC eluting with secBuOH : EtOAc : H 2 O : HOAc (60 : 30 : 9.5 : 0.5). The material showed only two spots identical to authentic mauveine (A and B), see Fig. 2 . The sample analysis was verified by purification of a small sample (25 mg) by chromatography on silica gel and collecting fractions. Elution with secBuOH : EtOAc : H 2 O : HOAc (60 : 30 : 9.5 : 0.5) gave firstly mauveine B then mauveine A with the same spectroscopic properties as literature material. 1, 19 Mauveine by oxidation of p-toluidine/o-toluidine/aniline at 40-45 °C: A mixture of p-toluidine (200 mg, 1.87 mmol, 1.0 equiv.), o-toluidine (300 mg, 2.8 mmol, 1.5 equiv.) and aniline (520 mg, 5.6 mmol, 3.0 equiv.) was dissolved in distilled water (100 mL) acidified with conc. H 2 SO 4 (nine drops, 0.45 mL), treated with K 2 Cr 2 O 7 (1.3 g, 4.40 mmol) and stirred at 40-45 °C for 12 h. The reaction mixture was filtered through a fine pore sinter and washed with cold water (200 mL). The precipitate was extracted with MeOH (40 mL × 8) in the sinter each time agitating the precipitate in MeOH before filtration through the sinter under reduced vacuum. The combined extracts were heated to dryness in a beaker in a fume hood. The crude product was purified by chromatography on silica gel. MeOH firstly eluted impurities then cNH 3 /MeOH (20 : 80) eluted a mixture of purple chromophores in low yield (3 mg, 0.4%). These were analysed qualitatively by TLC eluting with secBuOH : EtOAc : H 2 O : HOAc (60 : 30 : 9.5 : 0.5). By comparison of R f values with standards and the known relative R f values for mauveine B 2 and C, the products were mauveine A (major), B 2 (major), B (minor) and C (minor). 17 CCDC1017151 contains the supplementary crystallographic data for this paper. The data can be obtained free of charge from the Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request.cif
Scheme 3 A two-step synthesis of mauveine A and mauveine B from N-tert-butyl-p-toluidine hydrochloride.

Electronic Supplementary Information
NMR spectra for N-tert-butyl-p-toluidine hydrochloride 5 is available through: stl.publisher.ingentaconnect.com/content/stl/jcr/supp-data We are grateful to the EPSRC national mass spectrometry service centre for mass spectra and to the trustees of the mauveine collection in the MOSI for a sample of authentic mauveine. The left column is authentic mauveine from MOSI (two spots). On the right (four spots) is mauveine made by Perkin's stated method (see text).
